QUANTUM OPTICS

Spin on a Fiber

he electron spin of nitrogen-

vacancy (NV) centers in diamond
offers a unique solid-state system for
quantum science and technology,
allowing the creation of efficient
and stable solid-state single-photon
sources and opening unprecedented
opportunities for bioimaging, highly
sensitive nanoscale magnetometry,
and thermometry of single living
cells.”~* To unleash the full potential
of these emerging devices and make
them entirely compatible with the
requirements of practical quantum
technologies and in vivo studies in
life sciences, NV-diamond quantum
sensors have to be integrated with
fiber optic probes.

We have demonstrated an ultra-
compact fiber optic probe where a
diamond microcrystal with a well-
defined orientation of spin quantiza-
tion NV axes is attached to the fiber
tip, allowing the electron spins of NV
centers to be manipulated, polarized
and read out through a fiber optic
waveguide integrated with a two-
wire microwave transmission line.’
The electron spin of NV centers in
a diamond microcrystal attached to
the tip of the fiber probe is manipu-
lated by a frequency-modulated
microwave field transmitted through
the two-wire transmission line,
which is short-circuited with a loop,
winding around the fiber tip, induc-
ing a microwave field distribution
with a maximum at the location of
diamond microcrystal.

The electron spin is then
optically polarized, initialized
and read out by laser radiation
transmitted through the opti-
cal tract of the fiber probe. The
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(a) An optical fiber integrated with a two-wire microwave transmission line and a nitrogen-
vacancy (NV) diamond microcrystal at the fiber tip. (b) Four possible arrangements of the NV
axis in the diamond crystal lattice. (c) Intensity of photoluminescence from NV centers as a
function of the frequency of the microwave field inducing the electron spin resonance in the
presence of a variable magnetic field B applied along the axis of the optical fiber. Circles,

experiments; solid line, simulations.

photoluminescence spin-readout
return from NV centers is captured
and delivered by the same optical
fiber. The magnetic field can then
be determined from the positions
of the electron-spin resonance
peaks in the spectrum of the pho-
toluminescence signal measured
as a function of the microwave
frequency. Such a fiber probe,
integrated with an NV-diamond
quantum sensor and a microwave
transmission line, allows high-
sensitivity, high-speed imaging of
magnetic fields and offers a unique
tool for a thermometry of indi-
vidual biological cells in in vivo
experiments.
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